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.tools for the diagnosis and prevention of these diseases, 
it is important to understand the immune response to 
infection by mycobacterial pathogens. 

The antibody and T-cell responses to infection or 
inoculation with killed mycobacteria have been studied in 
humans and in animals. Human patients with tuberculosis 
or leprosy produce serum antibodies directed against at 
least 12 mycobacterial proteins. Some of these proceins 
are also recognized by well-characterized murine 
monoclonal antibodies. Mice immunized with mycobacterial 
lysates produce antibodies that are directed 
predominantly to six M^_tube rculos is and six M. legrae 
protein antigens. .Engers, H.D., Inf ec c^Iraiaun^ , 
48:603-605 (1935): Engers. H.D., I nf e c t~Immun~ . 
15 51:718-720 (1986). Genes encoding these~12~myIobacterial. 
antigens have been cloned, and recombinant proteins 
produced from these clones have been used to invescigat 
the human T-lymphocyte response to mycobacterial 
infection. Husson. R.N. and R. A. Young, Proc^Natl^ 
Ac a<K_S c 1^_U S A . 86:1679-1683 (1987); Young""^"! t al. . 
N*cure, 316: 450-452 (1985); Britton, W.J. e t_a U . ~Le£r ~ ' 
SSY.-. . 57, Suppl. 2, 67-75 (1986). 

Protection against mycobacterial disease involves 
cell-mediated immunity. Joint International Union 
Against Tuberculosis and World Health Organization Study 
Group, Tubercle. 63:157-169 (1982); Hahn. H. and S.H.E. 
Kaufman, Re v,_I nf ec t^_D i s A . 3:1221-1250 (1981). T 
lymphocytes cloned from patients or from volunteers 
immunized with killed mycobacteria have been tested for 
their ebllity t recognize the recombinant myc bacterial 
proteins. Lymph cyte-pr liferation assays dem nstrate 
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thac most of the antigens Identified with monoclonal 
antibodies are involved in the T-cell response to 
mycobacterial infection or vaccination in mice and in 
humans. Limiting dilution analysis indicates that 20% of 
05 the mycobacterial. reactive CD4 + T lymphocytes in mice 
immunized with ^.tuberculosis recognize a single 
protein, the 65-kDa antigen. Kaufman, S.H.E. et_al if Eur 
ii_I™SHI22li . 17:351-357 (1987). 
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Summary_of_the_Inventlon 

The present invention relates to stress proteins and 
methods of modulating an individual's immune response, 
either to a pathogen or to his or her own cells, such as 
occurs in autoimmune diseases. In particular, it relates 
to the use of such stress proteins as a "vaccine- in 
immune P rophyia^«s therapy, which results in an induction 
or enhancement of immune response to a selected pathogen 
and as an immunotherapeutic agent in treatment of 
autoimmune diseases, which results in a decrease of an 
individual's response to his or her own cells. m immune 
prophylaxis, stress proteins are administered to prevent 
or reduce the effects in an individual of a. pathogen/ 
Which can be any virus, microorganism or other organism 
or substance (e.g.. a toxin or toxoid) which causes 
disease. In preventing or reducing adverse effects of 
nohviral pathogens (e.g.. bacteria, mycobacterial) 
according to the method of the present invention, an 
individual's immune response to the nonviral pathogen's 
stress proteln(s) Is Induced or enhanc d through the 
administration of a vaccine which includes the path gen's 
stress pr tein(s) and, generally, a „ adjuvant. 
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Preventing or reducing adverse effects of viral 
pathogens, as well as preventing cell transformation or 
reducing the extent to which it occurs, according to the 
present method, is effected by transiently enhancing an 
individual's immune surveillance system. In this 
instance, the causative pathogens (i.e.. virus; 
.transforming agent) do not have stress proteins of their 
own. Enhancement of immune response can be effected by 
modulating the immune ceils by stimulation with a ' 
nonviral stress protein (e.g.. a bacterial stress 
protein) or modulating the individual's stress response 
by any means (e.g.. local application of heat). 

In immune therapy. suc h as i s used in treating 
autoimmune diseases, stress proteins known to be involved 
in the autoimmune response are administered to turn down 
an individual's immune response by tolerizing the 
individual to the stress protains. Alternatively, the 
immune response to stress protein, which is known to 
occur in autoimmune disease, is reduced by interfering 
with the ability of lBounc cells vhlch respond ^ 
proteins to do so. 

A selected stress protein of the pwwr invention 
can be administered to an individual, accordingto the 
-thod of th e pre,.nc Invention, and result In an i BBUne 
response which provides protection against subsequent 
infection by a nonviral organism (e . g . , bacteria, 
mycobacteria, other Infectious agents which produce 
stress proteins). Alternatively, a selected stress 
Pr teln can b administered t an Individual, generally ' 
over time, to Induce Immune t lerance against the 
selected stress protein. For example .. a selected stress 
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protein can be administered in multiple doses over time 
in order to induce immune tolerance against an autoimmune 
disease such as rheumatoid arthritis. 

!ll£l_Descri£Cion_of_the_Drawing£ 

Figure 1 is a graphic representation of the 
homologies between mycobacterial antigens and known 
stress proteins. Figure 1A is a representation of 
sequence similarity between portions of the M^tuberculo- 
sis 71-kDa antigen (residues 1-204; TB 71kDa)~Ind~the~E 
coli DnaK protein (residues 430-469). Figure IB is a ~~ 
representation of sequence similarity between portions of 

^.tuberculosis 65-kDa antigen (residues 1-540; TB 
65kDa> and the E^coll CroEL protein (residues 1-547). 

Figure 2 is a comparison of the amino acid sequence 
of the human PI protein (573 residues) an* the amino acid 
sequence of the groEL protein (547 residues).- 

Figure 3 is a comparison of the amino acid sequence 
of the human PI protein (573 residues), which Is a 
homolog of groEL protein, and the amino acid sequence of 
Che 65kDa M^le E rae protein (540 residues). 

Figure 4 is a comparison of th« ami™ aeid sequence 
of Che human PI proceln (573 residues), which is a 
homolog of the groEL protein, and the amino acid sequence 
of the 65kDa M^tuberculos is protein (540 residues). 

2 5 2 S. 1 5 1 1 £ d_ D e s c r I E 1 1 o n_ o f _ t h e_l n vent ion 

The present invention is based on the observation 
that stress proteins are among the maj r antigens 
available f r presentation t T lymph cytes and may be 
c mmon Immune cargecs In a br ad speccrun of infecti us 
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diseases. Immune responses to stress proteins are 
Involved in Immune surveillance by the body and a variety 
of different T cell types has been shown to recognize 
highly conserved stress protein determinants. Several 
observations, described below, suggest a model of immune 
surveillance in which self - reactive T cells provide a 
first line of defense against infection or other invasion 
by pathogens and against cell transformation by 
recognizing and helping to eliminate stressed autologous 
cells., as well as cells Infected with Intracellular 
bacteria. Without wishing to be bound by this model, It 
Is presented as one means by which It Is possible to 
explain why prokaryotlc and eukaryotlc cells respond to a 
variety of potentially damaging stimuli, such as elevated 
.temperature, by Increasing the synthesis of a family of 
proteins, referred to as stress proterns. which are" among 
the most highly conserved and abundant proteins found In 
nature.- 

* 

Investigation of antigens Involved in. the Immune 
response to the tuberculosis and leprosy bacilli (M. 
JEHberculosis and K^legrae) initially led to the 
©bsexv-a*!^ -th*t a vaxl^ey *f stress proteins are among 
Che major targets of the immune response, as is described 
ac greater length below. 

Further assessment has demonstrated that stress 
proteins may be common immune targets in a broad spectrum 
of infectious diseases. Sequence analysis has revealed 
70-kDa heat shock protein homologues among maj r antigens 
f the prot zoan parasites Pi«sm_dlum.f alcl E arum (Blanco. 
A ' E * • l£2£^_Na I U_Ac a d^_S x _us A , 83:8713-8717 

(1986)) and SchJLs t_s'_raa_ra^ns_nl (Hedstrom, R. et al. J 
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ISE^Medi. 1£5:1A30-1435 (1987)) and the malarial 
parasite Bru£io_na la£ 1 (Selkirk, "K. E. e t_a 1^ , J^Cell 
Si£«h£Si» 12D:290 (1988)). Similarly, homologues of 
GroEL have been found among antigens Involved In the 
05 immune response to Salraonella_t^£h iraur ium and Cox i el Is . 
Vodkin, M.H. and J.C. Williams, J^Bac ter lol , 170:1227 
(1988). The presence of stress proteins among major 
Immune targets In a variety of human pathogens Is support 
for the Idea that the stress response may be a general 
component of Infection and that stress proteins should be 
considered among candidates for - subuntt vaccines. All 
organisms respond r.o heat by Inducing synthesis of heat 
shock proteins (hsps), which are a group of proteins. 
This response Is the most highly conserved genetic system 
•15 known and has been shown to occur In every organism, 
including ralcr. . organisms , plants and animals, 
investigated to date. Many of the characteristics of the 
response are common to ail organisms and the hsps are 
among the most highly conserved proteins known. For 
example, hsp90 family and hsp70 family proteins are 
present In widely diverse organisms. The proteins In 
each family. -even In such diverse organisms- -show 
approximately 50% identity at the amino acid level and* at 
the nonldentlcal residues, exhibit many similarities. 
Several of the proteins Induced by heat are also induced 
by a variety of other stresses. The hsps or a closely 
related/similar protein are present in all organisms at 
normal temperatures and have been shown to have key 
functions In n rmal cell raetab llsm. Lindquist. S. and 
E.A. Craig, Ann^_Re v^_Ce n e , 22:631-677 (1988). Because 
the stress resp nse is c mm n to prokaryotes and 
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eukaryotes and stress proteins are among the most highly 
conserved in sequence, It Is reasonable to expect that an 
antigen from one pathogen could Immunize against another 
pathogen. Exposure to foreign stress proteins early In 
life might. In fact, induce a degree of immunity to a 
variety of infectious agents. If so. this could provide 
an explanation for the observation that, for many 
pathogens, only a fraction of Infected individuals 
actually acquire clinical disease. 

The following is a description of the relationship 
which has been observed between stress proteins and the 
immune response to mycobacterial Infection; of the 
observation and supporting information that stress 
proteins are immune targets in many non-viral infections; 
of recognition of the fact that Immune responses to 
conserved s::?ess protein determinants may play an 
important role in autoimmune pathology in rheumatoid 
arthritis, as well as in adjuvant arthritis; and. of the 
role of stress proteins In immune surveillance, as well 
as a model proposed for Immune surveillance in which 
self- reactive T cells provide a first line of defense 
against infection and cell transformation. 

Mvcob^tcrlal_Strcss_Pr^t^ 
Response 

An Intriguing relationship between stress proteins 
and the immune response to mycobacterial infection has 
been observed. A more detailed examination of stress 
protein determinants and immune resp nse mechanisms Is 
essential c understanding the relati nshlps among stress 
proteins, infection, and immunicy. 
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In view of the Involvement of proteins of 
tuberculosis and H^_le£rae in humoral and cell-mediated 
immune responses and to establish the functions of the 
these proteins in the mycobacterial cell, the DNA 
encoding several of the M^_cuberculos is and H^_le£rae 
antigens have been sequenced. It has been demonstrated, 
as a result, that many of these mycobacterial protein 
antigens exhibit striking sequence similarity to known 
stress-induced proteins.- Three of the iL._lep_rae and 
two of the ^.tuberculosis protein antigens studied hc-ve 
been shown to exhibit striking sequence similarity to 
known stress proteins. For reasons discussed In the 
Exemplification, it is concluded that two of the M. 
I«E£*£ and two of the M^tube rcul os Is antigens are 
15 homologues of the E^coll DnaK and CroEL proteins. 
In experimv-ncal mice, immunization with 
mycobacterial lysates elicits antibody responses to at 
least six Hj._tuberculo3ls protein antigens And a similar 
number of M^leorae protein antigens. Monoclonal anti- 
bodies specific for these proteins have been used to 
Isolate clones from Agtll DNA expression libraries of M. 
iH^erculosis and M^e^rae. The sequence of the DNA 
clones revealod that mycobacterial hsp70 (alias 70 kDa 
antigen) and hsp60 (alias 65 kDa antigen, groEL) were the 
25 major targets of the nurlne antibody response to both M. 
SHfeerculosis and HM^rat. Two additional hsp's, an 18 
kDa member of the small hsp family and a 12 kDa homologue 
of groES. were found among the M^^JLe^rae and M. 
£HE£ rc u l_s 1 s antigens. Y u n g . D . B . . et_al. ( Pr_c^_NatK 
^£S^_Scl iA JJSA. 85:4267-4270 (1988); Shinnick7~T~ii"~et 
«L=.. Nuc. Acids Res. . 17:1254 (1989). 
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The mycobacterial stress proteins are among the 
immunodominant targets of both murine antibody and T cell 
responses.- In one study which summarized results 
obtained from 10 laboratories, a collection of 24 murine 
monoclonal antibodies recognized 6 M^lejjrae proteins; 7 
of these antibodies are directed against 6 different 
determinants in the M i _le£rae hsp60. Engers, H.D., et 
flili» In! *£ ti-lEEHDi • 48 : 603-605 (1985); Mehra, V., et 
£Ll • I I2£^.-N£ 1 1 i_ A c a d ^_ S c i^ x _U S A , 83 : 7013-7017 (1986). 
In a similar study, 3 of 33 monoclonal antibodies raised 
against M^tube r culo s i s recognized the M^.tuberculosis 
hsp60 protein, Engers, H.D., et^aL f Inf ec t^_Imraun^, 
51:718-720 (1986), Finally, limiting dilution analysis 
indicates that 20% of the mycobacterial - reactive CD4 + T 
lymphocytes in mice immunized with M^tubc rculos Is 
recognize i/ts antigen. Kaufmann , .S . H . # ct^aU, 
Immunol^, 17:351-357 (1987), 

Although a rigorous quantitative analysis of the 
human Immune response to mycobacterial stress proteins 
has not yet been reported , mycobacterial stress proteins 
are recognized by human antibodies and T lymphocytes and 
the evidence suggests that these proteins are among ch« 
major targets of the hunan cell mediated immune response. 
Emmrich, F. , et^al., J X£^_H e d^ , 163: 1024-1029 (1985); 
Mustafa, A.S*, .et^al^ Nature (London)^ 319 1 £3 -66 .< 19-84)"; 
Oftung, F . , ccjl., Ii.IS2HS£l^. 138 : 927-931 (1987) ; 
Lamb. J.R., ctjl. , EMBO_J i# 6 : 1245- 1249 (1987). T 
lymphocytes from patients with mycobacterial infection or 
from volunteers immunized with mycobacteria have been 
cloned and tested for their ability to recognize .the 
aye bacterial stress proteins. In each f these studies, 
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some fraction of the human T cell clones were shown to 
recognize one or more of the mycobacterial stress 
proteins. 

^^il-llZlliBs^r^Immnne^atgets^n Non-viral 
05 lDli£Cions 

The observation that stress proteins are important 
targets of the immune response to mycobacterial infection 
and the knowledge that the major stress protein 
conserved and abundant in other Organisms suggested that 
stress proteins are likely to be immune targets in many 
non-viral infections. Indeed, that is now clearly the 
case. Antigens from a wide variety of Infectious agents 
have been Identified as members of stress protein 
families. The major stress protein antigen recognized by 
15 antibodies i,. bacterial Infections Is hs P 60. -Common 

antigen-, an Immunodominant protein antigen long known to 
be shared by most bacterial species, turns out to be 
hs P 60. Shlnnlck, T.M. , et_al i( I n fee t^mun, . 56-446 

20 Th0le * J * E * R " ^roblal„Pnho £ e;;sls, 
20 4:71-83 (1988). Stress proteins have also been 

Identified as Immune targets In most major human parasite 
infections. Blanco. A.E., £ t.al it Proc . Natl. Acad 
l£i^-ySA, 83;8713 (1986); Nene. v.. et'^Tiol 

* 6:493 (1987); Hedstrom. R. , et.aU. J . Exp7 

165:1430 (1987); Selkirk. M.E.. et al.,T~c"e7l 
fii££b£ Si . 12D: 29 o (1988); Engman. D.M. , el'Il . TT'cTl 1 
-- £ ""- ^= Supplement. 290 (1988); Sml^D.™ 7t~ 
Si.. J^CellJl.chem^. 12D :296 (i 98 8). Antibodies *o~ 

30 hs P 70 have been identified in the sera of patients 
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suffering from malaria, trypanosomiasis, leishmaniasis, 
shistosomiasis and fiiarlasis. Hsp90 is also a target of 
antibodies in trypanosomiasis and a member of the small 
hsp family is recognized in some patients with 
°5 shistosomiasis. 

§£l£Si^£2t«in£_*nd_Autolramune - P 

Rheumatoid arthritis is characterized by a chronic 
proliferative and inflammatory reaction in synovial 
membranes which is thought to involve autoimmune 
10 processes. Rat adjuvant arthritis resembles human 

rheumatoid arthritis in many respects, and has been used 
as an experimental animal model for human disease. 
Pearson. CM.. Ar tHrl t ls_Rheura if 7:80-86 ((.1964). 
Adjuvant arthritis can be Induced'in rats wlch a single 
15 Intradermal 'tijectlon of killed M^tubercuios Is In • 
complete Freund's adjuvant. An auto Imum~ P role ss 
Involving T lymphocytes appears to be responsible for the 
generation of the disease. Holoshitz , J . , et al_ 
Science. 219:56-58 (1983). T cell lines IsoTIted' f rom 
the draining lymph nodes of arthritic rats and propagated 
in vitro by stimulation with ^.tuberculosis -pulsed 
syngeneic antigen presenting cells can cause a transient 
form of the disease when transferred to irradiated rats. 
Since care was taken In these experiments to exclude the 
transfer of contaminating ^.tuberculosis, this result 
strongly suggests that the clinical effects of the 
disease are a consequence of an autoimmune reaction In 
«hlch the aut antigen Is shared with M^cubercul.s Is . 

The rat and H.._tubereul_sls antigens reTgnilld by 
the arthrit genie T cells have been s ught for a number 
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of years. A number of different arotelns present In 
synovial membranes have been proposed to be the 
cross -react iva rat antigen, but were later discounted as 
procedures for the purification of these proteins 
improved, van Eden. V.. «c.al it P roc . Natl. Acad. Sci. x 
USA, 82:5117-5120 (1985); Holoshitz. J., et al. . Scien«. 
219:56-58 (1983). The ^.tuberculosis antigen recognizld 
by the arthritogenic T cells vas recently shown to be a 
65-kDa protein (van Eden. W. . etjil., Nature, 331:171 
(1988), which has now been shown to be hsp60 (see the 
Exemplification). Using a combination of truncated 
recombinant 65 kDa proteins and peptides, a nine amino 
acid epitope of hs P 60 has been identified as the minimum 
stimulatory sequence for arthritogen.c T cell clones in 
15 proliferation assays. Now that in is clear that some 

arthritogenic T .ills recognize the mycobacterial hs P 60. 
'it is quite possible that the rat autoantigen is also 
hsp60. 

The results obtained in the adjuvant arthritis model 
led investigators to determine whether T lymphocytes from 
human rheumatoid arthritis patients also recognize 
mycobacterial antigens. These investigators have found 
not only that patients with theumatold arthritis have T 
cells that recognize ^.tuberculosis antigens, but that 
these T cells have diverse phenotypes. Substantial 
proliferative responses to mycobacterial extracts are 
observed with uncloned T cells (predominantly CD4 + ) from 
both synovial infiltrate* and peripheral blood, although 
responses are generally greater in syn vial infiltrates. 
Abrahamson. T.C.. et al. . Scand. J. Icwun 1. . 7:81-90 
(1978); H loshitz. J., et al.. Lancet 11 . 305.306 (1986). 
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Holoshitz ec_aK found that A of 5 T cell clones isolated 
from human rheumatoid synovia which respond to M. 
£Hbercul£sls antigens were CDA* COS * cells with y/S T 
cell receptors. Holoshitz, J., e t_a 1 ^ , Nature, 
339:226-229 (1989). This observatIon"ls"lntIrestlng 
because j/S T cells have yet to be assigned a role In 
Immunity. One of the y/6 clones was tested for Its 
ability to respond to purified mycobacterial hs P 60 and 
was found to be positive in proliferation assays. Due to 
the conserved nature of stress proteins, these T cells 
have the potential for autoreactlvlty . Lamb and 
coworkers have shown that polyclonal T cells from 
synovial Infiltrates recognize both mycobacterial hs P 60 
and hsp.70. Lamb. J.R.. et.al^, In t U_I mmuno U , in press 
(1989). The -.opulation of T cells that tecognize the 
mycobacterial „ress proteins were shown to respond to E_ 
coll hs P 60 an.l hs P 70 and, most Interestingly, human hs P 70 
purified from heat shocked macrophages. Thus, i„„ une 
responses to conserved stress protein determinants, 
perhaps initiated by bacterial infection (not necessarily 
by mycobacteria), may play an important role in 
autoiaoune pathology in rheumatoid arthritis, as well as 
in adjuvant arthritis. 

i£l£ss_2roteins_and_Iraraune_Su 

A variety of different T cell'ty^s has now been 
shown to recognize highly conserved stress protein 
determinants. The ability of cells to respond to stress 
by increasing the level, of the highly c nserved stress 
Proteins; the presence of T cells of diverse phenotypes 
in healthy individuals that are capable of recognizing- 
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self stress protein determinants; and observations that 
stress responses are induced by viral infection and by 
cell transformation, all suggest a model of immune 
surveillance in which self -reactive T cells provide a 
first line of defense against infection and 
transformation by recognizing and helping to eliminate 
stressed autologous cells, as well as cells infected with 
intracellular bacteria. The pool of lymphocytes that 
recognize conserved stress protein determinants might be 
induced during establishment of natural microbial flora 
on the skin and in the gut, and" maintained by frequent 
stimulation by bacteria and viruses as well as other 
stressful stiBuli encountered during a normal lifetime. 
This model is attractive because it provides a way in 
15 which the imnune system could exploit the existence of 
conserved ep:.-. opes in stress proteins to respond 
immediately, to antigenically diverse pathogens and 
cellular changes, producing an initial defense that need 
not await the development of immunity to novel antigens. 

Stress protein induction occurs 1t» eukaryotic cells 
following infection by diverse viruses in vitro. 
Collins. P.L.. and Hightower. L.E.. J. Vl rol"7*&4: 703. 7n7 
(1982); Mevins. J.R.. Cell. 29:913-939 (1982); Carry. 
R - F -. Virology.. 129:391-332 (1988); Khandjian. 

E.W. and Turler. H. , Hoi. Cell _BloK T 3:1-8 (1983^/ 
LaThangue. N.B.. et_al^. EMBO J . . 3:267-277 (1984)" CTL 
that recognize these neo-antigens could limit the spread 
of virus by killing infected ceils, possibly before 
substantial amounts f mature virus are assembled, and by 
secreting the lymphokine 7 -interf eroii. Pestka. S.. in: 
Methods Enzvm 1 .. Interferons. Part A.. Vol. 79. Academic 
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Press, New York, pp.667 (1981). Evidence consistent with 
this Idea Is emerging. Koga et_al. , have shown that 
Infection of primary murine macrophages with CMV rendered 
them susceptible as targets for MHC0I restricted CD8 + CTL 
specific for linear epitopes of M. tu berculide hsp60 . 
Koga, T., et_aU Although the epitope recognised by 
these CTL on infected macrophages was not defined, It Is 
tempting to .speculate that a cross. reactivity with self 
hsp60 epitopes is being observed. Indeed, the same 
groups showed that a homologous hsp60 is constitutive^ 
present in macrophages and is upregulated by 7 -interfer n 
stimulation. 

T cell* capable of recognising autologous cells 
stress by transformation could help eliminate nascent 
tumour cells. Stress protei ,s appear to be produced at 
nigh level.- in at least some transformed cells 
Bensaude. 0. and Korange. M. . EMEO.J,. 21173-177 (1983) 
An 86 kDA murine tumour antigen has been found to be 
homologous to representative* of the hsp90 family i„ 
yeast and Droso^hila. tJllrich. 3.J.. Proe^Natl. Acad " 
S£i^-ySA. 83:3121.3125 (1986). Immunization^;;"" 
vith the purified protein led to inhibition of tumor - 
growth in 95% of experimental animals that had been 
seeded wich cultured tumor cells. All of the protected 
"ice had high titres of antl-hsp90 serum antibody which 
v« able to precipitate murine hs P 90 from lysates of heac 
shocked mouse embryo cells. Again, a role for ' 
autoreactive lymphocytes is implied. 

The lymphocytes which rec gnize conserved stress 
Protein determinants must be capable of discriminating 
between normal and stressed cells. Since many stress 
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proteins are cons titutive ly expressed In normal cells, 
although at lower levels than In stressed c*lls, the 
potential for autoreacttvlty Is ever-pre lent . Novmal 
cells may escape destruction by expressing ciily 
substloulatory levela of stress protein determinants on 
their surfaces. In addition, stress proteins may only.be 
processed and presented during stress, and Jt may be 
relevant that many serous proteins have altered 
intracellular locations during stress, finally. lBmttTC 
regulatory networks may prevent activation of 
autoreactive T colls under normal conditions. The 
regulatory constraint* required by this system might 
occasionally break down, perhaps during- stress caused by 
bacterial or viral infections, leading to autoimmune 
disease. Rhenutoid arthritis may be such a disease. 
^2dHl£Clon_of_It.runc_Ro8 E onse 

The precisr relationship between stress proteins and 
the host immune response to Infection is as yet 
undefined. When cells are subjected to a variesy of. 
stresses, they respond by selectively increasing the 
synthesis of a limited set of stress proteins. Some 
stress proteins, including the products of dnaK and 
groEL. are major constituents of the cell under normal 
growth conditions „„a , r6 lnduced to even higher lmla 
during stress. Lindqui.c. S.. Ann u. Rev. Bloch.n, 55 . 
1151-1191 (1986); Neidhardt. F.C. and R. A. VanBogelenT In 
IS£herichia_col i _and_Sal 2 ^ Cellular and 

Molecular Biology. (e ds. Heldhardt. F.C, Ingraham. J.L, 

W * K * B - Ma g*sanik, B. Schaechter. M. and Umbarger. 
H.EO Am. S c. Microbiol.. Vashingt n. D.C.. pp. 1134- 
1343 (1987). It has now been demonstrated that stress- 
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related proteias are targets of the immune response. 
It is reasonable to expect that Immunodominant antigens 
would be found among such abundant proteins, as has been 
shown to'be the case. 

Stress-induced proteins or their functional 
equivalents, can be used to immunize an animal against a 
nonvlrai infection or, alternatively, other selected ' 
stress- Induced proteins, or their functional equivalents 
can be used to Induce Immune tolerance In an animal 
According to the method of the present invention. It is 
possible to modulate the Immune response In an individual 
by altering the individual's response to stress proteins 
In particular, it is possible to modulate an individual's 
response to a pathogen (e.g.. bacterium, mycobacteria, 
virus, or ot:>er organism or agent, such as parasites 
toxins, toxoid, which causes disease, or cell transforma- 
tion, s and to modulate an Individual's autoimmune 
response, such as occurs In some forms of arthritis 

It Is possible to use stress proteins, as described 
ln*< V ' VACClne Whleh '.* fe « Ministration to an 

!h«7r;/T weM or enhancea an lnoune *« 

hat individual, providing protection against subsequent 

r:„ r: h Because - as *•« «. 

which there ar , rcglons of highly conserved anlno 
sequences and such proteins have been shown to be 
ubiquitous targets in mycobacterial, bacterial and other 
infectipns. they can be used to elicit an equally 
ubiquitous Immune response. 

For example, m the case f a pathogen which 
^presses stress proteins, such as n nviral path gens. 
**o a Ppr arhes to enhancing an individual's immune 
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response (and, thus, reducing che pathogen's effects) can 
be used. 

First-, because the nonviral pathogen's stress 
proteins are distinguishable from those of the host, it 
is possible to induce an itnmunoprophy lac tic response 
specific to the pathogen's stress proteins. This can be 
carried out by administering a vaccine which includes all 
or a portion (e.g., sufficient sequence to have the 
desired stimulatory effect on immune response) of the 
pathogen's stress protein or of another protein having an 
amino acid sequence sufficiently similar to that of the 
stress protein sequence to stimulate the immune response 
to the pathogen. Alternatively, highly conserved stress 
protein determinants, such as those shown to be 
recognized by a variety of T cells, can be administered 
as a type of •^■sneral" vaccine. In either case, the 
Immune response to the stress protein sequence wlj.1 be 
increased and. effects of the nonviral pathogen will be 
reduced (decreased, prevented or eliminated). 

Second, it is also possible to induce or enhance the 
immune surveillance system or response which is directed 
to stressed hose cells. This is described further in the 
context of enhancing Immune response in those instances 
in which the pathogen (e.g.. a virus, transforming agent) 
does not have (express) its own stress proteins (I.e.. 
stress proteins distinguishable from host stress 
proteins). 

The vaccine administered to induce or enhance immune 
response t nonviral pathogens includes a stress protein 
of che pathogen against which an immune response is 
desired, a p rti n of that pr tein of sufficient size to 
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stimulate the desired immune response or a protein or 
amino acid sequence (e.g., a polypeptide) which is the 
functional equivalent of the pathogen stress protein in 
that it is sufficiently homologous In sequence to that f 
the stress protein to be capable of eliciting the desired 
response. The term "sufficiently homologous In sequence 
to that of the stress protein" means that the sequence of 
the protein or polypeptide will generally show 
approximately 50% Identity with the stress protein amino 
acid sequence. The vaccine can also Include an adjuvant, 
an appropriate carrier and an appropriate buffer. The 
protein or amino acid sequence present In the vaccine can 
be produced using known techniques. For example, It can 
be obtained (Isolated) from a source In which It occurs 
15 In nature can be produced by cloning and expressing the 
gene encod'.-g the desired stress protein or stress 
protein po-tlon or can be synthesized chemically or 
mechanically. 

In the case of a pathogen, such as a virus or a 
trans forming Agent (i.e., an agent whose activity results 
In production or formation of cancer cells), which does 
not express its own stress proteins, the following 
approach is used Co enhance immune response or normal 
immune surveillance (i.e., the ability of the immune 
system to recognize self as well as foreign proteins). 
A vaccine which includes a bacterial, mycobacterial, or 
other stress protein can be administered. Although there 
are no viral stress proteins to be used for this purpose, 
administration f such a vaccine will enhance the 
existing immune surveillance system. In addition, immune 
surveillance can also- be enhanced by applying local heat 
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or any other substances or changes in condition which 
Induce the stress response in the individual being 
treated.- (This can also be employed in conjunction with 
the vaccine, described previously, administered to 
enhance immune response to a stress protein-producing 
pathogen.) It is known that increased levels of stress 
proteins are produced in many types of cancer cells. 
Enhancement of the immune surveillance system, as 
described, can be used to facilitate destruction and/or 
to prevent progression or establishment of cancer cells. 

The method of the present invention can also be used 
to modify or modulate an individual • s . response to his or 
her own cells (e.g.. as in autoimmune diseases). There 
are at Last two w*y. i n vhlch the present invention can 
be used immvnotherapeutlcally . First, stress proteins, 
such as heat .hock protein (hsp) 70 and hsp'60. are known 
to be Involved In autoimmune disease. Tt Is, thus, 
possible to turn down an individual'* response to "self" 
by administering the appropriate stress protein(s) in 
*uch a manner that the individual becomes more tolerant 
of the protein. Second, because it is known that the 
immune response in autoimmune diseases is to stress 
proteins, it is possible to selectively inhibit or 
interfere with the ability of immune cells which normally 
interact with such proteins to do so. This can be done, 
for example, by administering monoclonal antibodies that 
bind to specific T cell receptors and delete or disable 
such cells. Alternatively, rather than knocking out 
immune cells, the stress response In all cells can be 
turned down by administering * drug capable of reducing a 
cell'* ability to undergo the stress resp nse. F r 
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example, a drug targeted to or specific for heat shock 
transcription factor, which is needed to stimulate heat 
shock genes, can be adalnls tered. The transcription 
factor Is rendered nonfunctional or subfunctional and as 
05 a result, cells' ability to undergo the stress response 
Is also lessened . 

The present Invention Is further Illustrated by the 
following exemplification, which is not intended to be 
limiting In any way. 

10 EXEMPLIFICATION 

R ecombj^n t_DN A_C 1 o n e £ . The isolation and 
characterization of ^.tuberculosis and M . le E rae Agcll 
genomic DNA clone, with murine monoclonal anybodies have 
been described. Hun.on. R.N. and Young. R.A. , Proc 
N«U_Acad,_Sci ix _ySA. 84: 1679-1683 (198 7 ); Young7~R . A . , 

- ' H«ture. (London) -316:450-652 (!985). DNA was 
isolated from these clones and was manipulated by 
standard procedure.. Davia. R.v.. Advanced Bacterial 
£SS£tl£s: A Mttnual £or Cenaelc Englneerlng ( ~~7~s7r~Ln g 
Harbor Lab.. Cold Spring Harbor. NY). (1980). 

5^_S^ue„ce_Anal 22 l £ . DNA «„ subcloned into vector 
M13„ P 18 or «13m P 19 (New England Biolabs). as suggested by 
the supplier. Dideo*ynucleocide chain- termination 
reactions and gel electrophoresis of the sequenced 
producerf.vere as described. Davis. R. W ., Advanced 

Bac terial Cenetlcs ; A Hanual for Genetic Engineering 
<C Id Spring Harbor Lab.. C Id Spring Harbor. NY). 
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(1980). DNA sequences were determined for both strands 

of DNA. Computer analysis of sequences with UUGCC 

programs was as described by Devereux. J . . e t_e 1 ^ Nucleic 
^£lds_Re , 12:387-395 (1984). 

05. I njmunob 1 o t_Ana 1 v s Is . Escher ichla_co 1 1 strain TCI was 
transformed with the following plasalds by standard 
procedures (Maniatis, T. , et_al., Ho 1 ecul ar_C lonl ng , A 
Laboratory Manual (Cold Spring Harbor Lab . ,~Cold~Spr lng 
Harbor. NY) (1982), with selection for amplcllin 

10 resistance: P ND5. a derivative • of pBR325 containing the 

^_£oli_groE_genes (Jenkins. A.J. , et.al., Mol. Cen. 

Genet. 202:446-454 (1986); P UC8 (Vic?.~J7. Gene? 

19:259-268 (1982); P UC8 with insert DNA forTglu clone 

Y3178 (M^lepjrae 65-kDa antigen. Young. R.A.. et al.. 

15 Nature. (tc„don) 316:450-452 (1985)) ligated ln~c"hT E coRI 
site. ~ 

Overnight cultures of E^coll strains in 
Lurla-Bertani <LB) medium were centrifuged and 
"suspended in isotonic phosphate-buffered saline at <a 

20 cell density correspondin E to an absorbance of 20 at 60 
no. • An equal volume of sanple buffer containing 2% 
(wt/vol) pclycrylamide gels in the presence of KaDodSC^ 
was added, and. after heating on a boiling water bach for 
2 aln. 5-ml samples wer-e electrophoresed on 12% (wt/vol) 

25 polycrylamide gels in the presence of NaDodSO^. Blots 

were prepared by electrophoretie transfer of the proteins 
to a nitrocellulose membrane, and binding of monoclonal 
antibodies was assayed with a peroxidase - conj ugated 
secondary antibody as described. Young.. et_ajU. 

20 Infect. Inrnmn , 55:1421-1425 (1987). 
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Six £L_tuberculosts and six legrae proteins have 
been implicated in Che immune response to the 
mycobacterial pathogens (Tl). To obtain clues to the 
normal cellular function of several of these 
mycobacterial antigens, DNA clones encoding these 
proteins, Isolated by using monoclonal antibodies to 
probe lambdagcll libraries (Husson, R.N. and Young, R.A.. 
£l2£i_Na £ K _Acao\_S c l iJL _U S A . 84: 1679-1683 (1987); Young, 
R.A., et_aL. Nature, (London) 316:450-452 (1985)) were 
subjected to sequence analysis. The sequences elucid.-.ted 
have been submitted to the CenBank sequence database. 

l^l-^lSi^S^Ek^ll^^^n^igen. The 71-k Da 
antigen of ^tuberculosis is recognized by human T cells 
during infection (Table). 
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I^BLE Mvc obac cer ial_2r o te in_ant igens 





Recognized 


Subj ecced 


Homology 




by human T 


to sequence 


with known 


Protein x kDA 


cells 






M. tuberculosis 






71 


+ 


+ 


DnaK 


65* 


+ 


+ 


GroEL 


38 


+ 


• 




19 


+ 


+ 


None 


14 


+ 






12 


ND 




• 


M. leprae 








70 


ND 




DnaK 


65 


+ 




CroEL 


36 


+ 


• 




28 


+ 




• 


18 


+ 




Plant Hsp 


12 


ND 
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Mycobacterial protein antigens, their recognition by 
human T cells, and homology of the deduced raycobac cer ial 
protein sequences to known proteins are summarized. 
NO, not determined; +, yes; - , no 

* Includes data derived from study of the 65-kDA 
antigens of M . bovis BCC (bacillus Calmette -Cuerin) . 
which. Is identical to the Ji. tubercul sis 65-kDA antigen. 
+ A. S. Mustafa. J. R. Lamb. J). Young and R. A. Young, 
unpublished data. ' 
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The insert DNA of lambdagtll clone Y3271 (Husson, R.N et 
il*. fl££._Na t K _Acad,_S c i^_US A , 84:1679-1683 (1987) 
was sequenced to obtain amino acid sequence information 
for the 71-kDa antigen of ^.tuberculosis. This clone 
produces a beta-galactosldase fusion protein containing 
the carboxyl- terminal one-third of the 71-kDa antigen 
exhibits 40% amino acid sequence identity with the 
comparable segment of the dnaK gene product from E coli 
(Sardwell, J.C.. e Ulil Proc^Natl. Sci. A uSA 

81:848-852 (1984)), (Fig \\ f< „ "7 

ii. irxg. \). Fig 2A shows the exte.it of 

sequence similarity between portions of the mycobacterial 
and the E^colJ 70-k Da polypeptides. Sequences 
transcriptionally downstream from the mycobacterial 71-k 
Da gene predict a 356-amino acid protein homologous to 
che E^_coli_dnaJ gene product (unpublished data) 
indtcc-ing that the £,_coli_dnaK-dnaJ operon structure is 
conserved in M^tube rculosis and- consistent with the 
conclusion that the mycobacterial 71-icDa antigen is a 
homologue of the E^coli^dnaK gene product. The product 
of the dnaK gene Is a member of th* 70-kDa heat shock 
protein family that is highly conserved among prokaryotes 
and eukaryot.s (Bardwell. J.C.. et_aU. Proc . Natl. Sci 

«1A. 81:848-852 (1984); Lindquist. S.. ^ 

Biochenu. 55:1151-1191 (1986), 

Th « M^-leEiae 70-k Da antigen crbss-reacts with 
monoclonal antlbodie, directed to the M^ube rculosis a.d 
W^-lSErae are both members of the 70-k Da heat shocT 
protein family of stress proteins. 
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It£_Mi:£2bacceri£l_65;kDa_anclgen The 65-kDa 
antigens of M^_tube rcul.05 Is and H^legrae are Involved in 
in the human T-cell response to mycobacterial infection 
(Table). Cenes encoding these proteins have been 
isolated (Husson. R.N. and Young, R.A., Proc. Natl. Acad. 
Sci^USA. 84: 1679-1683 (1987); Young, R.A. , TT^T, 
N«ure, (London) 316:450.452 (1985)) and s equine Id" 
(Shinnick, T.M. , J^Bac t e r 1 o 1 A , 169:1080-1088 (1987); 
Mehrara. V.. ct_al., ?roc._Na t l^Acad . Sci. A USA, 
83:7013-7017 (1986)), reveal Ing'IhaTthTa'mlno" acid 
sequences of the 65-kDa antigens of ^tuberculosis and 
*k-l£R«e are 95% identical. These protein seqllnles 
exhibit no significant sequence similarity to proteins in 
the GenBank database. 

Identification of these proteins was based on the 
observation Vhac some monoclonal antibodies directed 
against the mycobacterial 65-kDa antigens cross-r.eact 
with an E^coli protein of 60k'Da. E i _coli cells 
transformed with the piasmid pND5 (slnglrT F. , et al.. 
- I£ --- KaCl - Acad - Sc * 74:5463-5467 (1977 K "which 

contains the E, .col i_ fi ro_E genes, had been shown to 
accumulate large amounts of the 60-kDa protein. A 
comparison of the mycobacterial 65-kDa protein sequences 
with those determined for g^col l_ £ roEL (C. Voolford". K. 
Tilly, C. Georgopoulous. and R.H.. unpublished data) 
revealed the extent of the sequence similarirv as shown 
in Tig. IB. 

The 60-kDa Gro EL protein is a major stress protein 
in ^_££ll. Lindquist. S.. Annualjev^ Blochem.. 
15:1151-1191 (1986}; IJature. 333 :330oIZ"( I9 8 8 J 7 There 
is s me evidence that the «y C bacterial 65-kDa proteins 
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Accumulate In response co sccess: My.cobacter lum_bovls 
BCC (bacillus Calmecte-Cuerin) cultures grown In 
zlncVdef icienc medium are substantially enriched In this 
protein (De Bruyn, J., *r_al it In f e c t^I niun. , 55:245-252 
(1987)). This Infers that the 65-kDa proteins of M. 
£Hkerculosls and M^lepjrae are homologues of the E^coll 
Cro EL protein. 

2 £h e r_H v c o 0a c t e r i a l_An c Ige n s . T lymphocytes that 
respond to the M^tuberculos Is 19-kDa antigen and the 
IlEISe 18-kDa antigen have been observed In humans with 
tuberculosis and leprosy, respectively (Table 1). DNA 
encoding these antigens was sequenced from the Agtll 
clones Y3U8 (Husson. R.N. and Young, R.A., Pro £i _Natl. 
A££d._Scl iA _USA. 84:1679.1683 (1987); and Y3179~( Young? 
R.A., ec_aL , Nature, (London) 316:450-452 (1985)). 
respectively. The M^tuberculos Is 19-kDa protein 
sequence predicted from the DNA exhibited no significant 
sequence similarity to proteins in the CenBank idatabase . 

However, the M^lepjrae 18-kDa protein sequence was • 
similar to the soyb--.s 17-kDa heat shock protein, a 
protein representation of a major class of plant heat 
'shock proteins (Schoffl. F. and Van Bogelen, R.A. . In: 
Esche r ic hl a_co 1 1 and_S a Imone 1 1 a_ t vph linur lug , Cellular and 
Molecular Biology. Am. Soc- Microbiol.. Washington. D C 
25 (1987). 

* 

Those skilled In the art will recognize, or be able 
to ascertain using n m re than r utlne experimentation. 
»any equivalents to the specific embodiments of the 
30 invention described specifically herein- * Such 

equivalents are intended t be encompassed in "the scope 
f the foil wing claims. 
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3. 



A vaccine comprising all or a portion of a selected 
stress protein or all or a portion of a protein 
having an amino acid sequence sufficiently 
homologous to the amino acid sequence of the stress 
protein. 

A vaccine of Claim 1 in which the stress protein is 
a mycobacterial stress protein or a protein having 
an amino acid sequence sufficiently homologous to 
the amino acid sequence of the mycobacterial stress 
protein . 

A composition for use as an agent to induce immune 
tolerance, coaprlsing a selected stress protein. 

A composition for use. in treating an autoimmune 
disease, comprising all pr a portion of a selected 
stress protein or all or a portion of a protein 
having an amino acid sequence sufficiently 
homologous to the anino acid sequence of the stress 
protein. 

20 5. A composition of Claim * for treating rheumatoid 
arthritis. 

6. A vaccine for use in enhancing in an Individual the 
immune response to a nonvlral paccgen , compris ing 
all r a portion of * stress pr tein ftheoenviral 
path gen against vhJ-h the enhanced response is 
desired. 
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7. A vaccine of Claim 6 in which the stress protein is 
a mycobacterial stress protein. 

8. A method of producing or enhancing an immune 
response in an animal, comprising administering to 
the animal a selected stress protein, in sufficient 
quantity to elicit the desired immune response. 

9. A method of immunizing an animal against a 
subsequent nonviral Infection, comprising 
administering to the animal a selected stress 
protein, in sufficient quantity to produce an immune 
response. 

10. A method of inducing in an individual immune 
tolerance against a protein, comprising 
administering to the individual all or a portion of 
a selected stress protein or all or a portion of a 
protein having an amino acid sequence sufficiently 
homologous to the amino acid sequence of the stress 
protein, under conditions appropriate for induct! n 
of the desired tolerance. 

11- A method of Claim 10. -wherein rhe protein is a 
protein associated with rheumatoid arthritis. 
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